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(54) Regeneration of diesel particulate filter for diesel engine 



(57) An oxidation promoting catalyst (42) which con- 
verts nitrogen monoxide in exhaust gas to nitrogen di- 
oxide, and a diesel particulate filter (41 ) which traps soot 
in the exhaust gas, are installed in an exhaust gas pas- 
sage of a diesel engine (1). A control unit (21) deter- 
mines whether or not it is necessary to regenerate the 
filter based on the exhaust gas pressure detected by an 
exhaust gas pressure sensor (24), and when it is nec- 



essary to regenerate the filter, it increases the nitrogen 
monoxide in the exhaust gas by performing an advance 
correction of the fuel injection timing of a fuel injector 
(14) so as to promote generation of nitrogen dioxide by 
the oxidation promoting catalyst. The nitrogen dioxide 
decreases the combustion temperature of the soot 
trapped by the diesel particulate filter (41 ), and efficient- 
ly regenerates the filter. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to regeneration of a filter 5 
. which traps soot discharged from a diesel engine. 

BACKGROUND OF THE INVENTION 

[0002] Japanese Patent No. 3012249 discloses an 10 
oxidation promoting catalyst for regenerating a diesel 
particulate filter which traps the soot discharged from a 
diesel engine. The oxidation promoting catalyst is in- 
stalled upstream of the diesel particulate filter of an en- 
gine exhaust passage, and promotes oxidation of nitro- ^ 
gen monoxide (NO) in the exhaust gas to nitrogen diox- 
ide (N0 2 ). 

[0003] Normally, a temperature of 600°C or more is 
required for combustion of soot, but in an atmosphere 
of nitrogen dioxide which has a powerful oxidizing ability, 20 
soot bums at a low temperature of about 275°C. 
[0004] Therefore, by using an oxidation promoting 
catalyst, the diesel particulate filter can be regenerated 
even when the exhaust gas temperature is as low as 
275°C. 25 

SUMMARY OF THE INVENTION 

[0005] The combustion of the soot in the diesel par- 
ticulate filter is promoted, the larger the nitrogen dioxide 30 
amount is in the exhaust gas. 

[0006] However, nitrogen oxides containing nitrogen 
monoxide are toxic, so various measures for reducing 
nitrogen oxides including exhaust gas recirculation 
(EGR) are used in diesel engines. As a result, if the 35 
amount of nitrogen monoxide discharged from the en- 
gine decreases, the nitrogen dioxide amount produced 
by the oxidation promoting catalyst will also decrease, 
and the regeneration of the diesel particulate filter will 
become difficult. 40 
[0007] It is therefore an object of this invention to tem- 
porarily increase the nitrogen oxide discharge amount 
of the diesel engine when regeneration of the diesel par- 
ticulate filter is required. 

[0008] It is another object of this invention to optimize 45 
the temperature condition of the diesel particulate filter 
when regeneration of the diesel particulate filter is re- 
quired. 

[0009] In order to achieve the above objects, this in- 
vention provides an exhaust gas purification device for so 
such a diesel engine that is provided with a fuel injector. 
The device comprises a diesel particulate filter which 
traps soot in an exhaust gas of the diesel engine and an 
oxidation promoting catalyst which oxidizes nitrogen ox- 
ide in the exhaust gas to nitrogen dioxide. The nitrogen 55 
dioxide promotes the combustion of the soot trapped by 
the diesel particulate filter. The device further comprises 
a sensor which detects a state of the diesel particulate 



filter, and a programmable controller programmed to de- 
termine whether or not the diesel particulate filter is re- 
quired to be regenerated from the state of the diesel par- 
ticulate filter, and advance a fuel injection timing of the 
fuel injector when the diesel particulate filter is required 
to be regenerated. 

[0010] This invention also provides a method for re- 
generating a diesel particulate filter which traps soot in 
an exhaust gas of a diesel engine. The diesel engine 
comprises a fuel injector and an oxidation promoting 
catalyst which oxidizes nitrogen oxide in the exhaust 
gas to nitrogen dioxide. The nitrogen dioxide promotes 
the combustion of the soot trapped by the diesel partic- 
ulate filter. The method comprises detecting a state of 
the diesel particulate filter, determining whether or not 
the diesel particulate filter is required to be regenerated 
from the state of the diesel particulate filter, and advanc- 
ing a fuel injection timing of the fuel injector when the 
diesel particulate filter is required to be regenerated. 
[0011] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic diagram of a diesel en- 
gine comprising an exhaust gas emission control device 
according to this invention. 

[0013] FIG. 2 is a diagram showing a relation between 
the inlet temperature of a catalytic converter according 
to this invention, and an inversion ratio from nitrogen 
monoxide to nitrogen dioxide due to the oxidation by the 
converter. 

[0014] FIG. 3 is a diagram showing a relation between 
the fuel injection timing of the diesel engine, and nitro- 
gen oxide (NOx) generation amount of the diesel en- 
gine. 

[0015] FIG. 4 is a flowchart describing a routine for 
setting a filter regeneration flag performed by a control 
unit according to this invention. 

[0016] FIG. 5 is a diagram describing the character- 
istics of a map of a basic exhaust gas pressure stored 
by the control unit. 

[0017] FIG. 6 is a flowchart describing a routine for 
calculating the fuel injection timing and a nozzle opening 
performed by the control unit. 

[0018] FIG. 7 is a diagram describing the character- 
istics of a map of a basic injection timing stored by the 
control unit. 

[0019] FIG. 8 is a diagram describing the character- 
istics of a map of a basic nozzle opening stored by the 
control unit. 

[0020] FIG. 9 is a longitudinal cross-sectional view of 
a diesel particulate filter according to a second embod- 
iment of this invention. 

[0021] FIG. 10 is an enlarged view of the essential 
parts of the diesel particulate filter of FIG. 9. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] Referring to FIG. 1 of the drawings, a direct in- 
jection multi-cylinder diesel engine 1 for driving a vehicle 
is provided with an intake passage 3 and an exhaust 
passage 2. 

[0023] The intake passage 3 is connected to each 
combustion chamber of the diesel engine 1 via a collec- 
tor 3A and intake manifold 3B. 

[0024] Diesel fuel is injected to each combustion 
chamber from a fuel injection device 11 . The fuel injec- 
tion device 11 comprises a fuel supply pump 12, a com- 
mon-rail 13, and plural pairs of fuel injectors 14 and 
pressure control valves 15. The fuel supply pump 12 
supplies fuel to the common-rail 13 and the common- 
rail 13 temporarily stores pressurized fuel. The fuel in- 
jectors 14 inject fuel of the common-rail 13 into respec- 
tive combustion chambers via the associated pressure 
control valves 15. 

[0025] The pressure control valve 1 5 adjusts the fuel 
injection timing and the fuel injection period of the fuel 
injector 14 according to a signal from a control unit 21 . 
[0026] The fuel injected to the combustion chambers 
is compressed together with the air aspirated from the 
intake passage 3, burnt by compressed ignition, and is 
discharged by the exhaust passage 2 as exhaust gas. 
[0027] In order to suppress the temperature rise in the 
diesel engine 1 so as to prevent generation of nitrogen 
oxides, a part of the exhaust gas is recirculated into the 
collector 3A from an exhaust gas recirculation (EGR) 
passage 4 which is branched off from the exhaust pas- 
sage 2. 

[0028] An exhaust gas recirculation (EGR) valve 6 for 
adjusting the flowrate of exhaust gas recirculation 
(EGR) is provided in the EGR passage 4. 
[0029] The EGR valve 6 is a diaphragm -type valve 
and adjusts the flowrate of the EGR passage 4 accord- 
ing to the negative pressure supplied from a solenoid 
driven negative pressure control valve 5. 
[0030] An exhaust gas turbine 32 of a turbocharger 
31 is installed in the exhaust gas passage 2. The ex- 
haust gas turbine 32 rotates due to exhaust gas pres- 
sure, drives a compressor 30 installed in the intake pas- 
sage 3 to supercharge the intake air. The turbocharger 
31 is provided with a variable geometry system compris- 
ing an adjustable nozzle 33 for increasing the pressure 
of exhaust gas. 

[0031] The adjustable nozzle 33 is driven by a dia- 
phragm actuator 35, and increases the exhaust gas 
pressure which drives the exhaust gas turbine 32 by re- 
ducing the flowpath cross-sectional area of exhaust gas 
flowing into the exhaust gas turbine 32. 
[0032] The diaphragm actuator 35 varies the opening 
of the adjustable nozzle 33 according to the negative 
pressure supplied from a solenoid driven negative pres- 
sure control valve 36. The construction of the negative 
pressure control valve 36 is the same as that of the neg- 



ative pressure control valve 5. The negative pressure 
control valves 5, 36 both generate a negative pressure 
according to a signal from a control unit 21 . 
[0033] A catalyticconverter 42 which contains the ox- 

5 idation promoting catalyst and a diesel particulate fitter 
41 are provided in series in the exhaust gas passage 2 
downstream of the exhaust gas turbine 32. 
[0034] The diesel particulate filter 41 traps the soot 
discharged from the diesel engine 1 . The diesel partic- 

10 ulate filter 41 is formed in a substantially cylindrical 
shape, and is formed from pluralcells substantially par- 
allel to the exhaust gas flow divided by honeycomb-like 
partitions comprised of a porous material such as ce- 
ramics or the like. 

15 [0035] The inlet and outlet of each cell are alternately 
closed. 

[0036] Specif ically, the particulates in the exhaust gas 
comprise mainly soot and a soluble organic fraction 
(SOF). The main component of soot is carbon. At the 

20 usual exhaust gas temperature, when the exhaust gas 
flows into an adjacent cell via a partition, soot is trapped 
by the partition. However if the exhaust gas tempera- 
ture is raised, the soot will bum, and will be discharged 
as carbon dioxide (C0 2 ). The above-mentioned con- 

25 struct ion of a diesel particulate filter is known from 
Tokkai 2001-73743 published by the Japanese Patent 
Office in 2001. 

[0037] The catalytic converter 42 promotes oxidation 
of the nitrogen monoxide (NO) in the exhaust gas to ni- 
30 trogen dioxide (N0 2 ). 

[0038] In the nitrogen dioxide, the diesel particulate 
filter 41 bums the trapped soot at a low temperature of 
about 275°C. The oxidation promoting catalyst is well- 
known from the above-mentioned Japanese Patent No. 
35 3012249. 

[0039] The Inventors confirmed the effectiveness of 
inversion of the nitrogen monoxide (NO) to nitrogen di- 
oxide (N0 2 ) by the oxidation promoting catalyst, by ex- 
periment. The result is shown in FIG. 2. 

40 [0040] According to this diagram, the conversion ratio 
from NO to N0 2 is a maximum when the inlet port tem- 
perature of the catalytic converter is approximately 
275°C. Therefore, when the trapped soot amount of the 
diesel particulate filter 41 has reached an upper limit, 

45 the exhaust gas temperature is preferably raised to for 
example 300°C including some tolerance to increase 
the amount of NO a in the exhaust gas. 
[0041] This temperature is the temperature at which 
soot in the diesel particulate filter 41 can be efficiently 

50 burned in the presence of N0 2 . 

[0042] To increase the exhaust gas temperature, it is 
effective to lower the supercharging pressure. Moreo- 
ver, referring to FIG. 3, to increase the NOx generation 
amount, it is effective to advance the fuel injection tim- 

55 ing. 

[0043] For this reason, thecontrol unit 21 determines 
whether or not the diesel particulate filter 41 needs to 
be regenerated, and when regeneration is required, it 
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performs advance correction of the fue! injection timing 
of the fuel injector 14. 

[0044] lnthiscase : if the exhaust gas temperature has 
not reached the target value, the opening of the adjust- 
able nozzle 33 is increased and the inlet temperature of 5 
the catalytic converter 42 is raised. 
[0045] Here, the opening of the adjustable nozzle 33 
is increased to prevent the energy of the exhaust gas 
from being lost and the temperature of the exhaust gas 
temperature from falling due to the driving of the exhaust 1 o 
gas turbine 32. 

[0046] For this control, a signal from an exhaust gas 
pressure sensor 24 which detects an exhaust gas pres- 
sure Pexh, an exhaust-gas temperature sensor 25 
which detects an exhaust-gas temperature Texh, an ac- 15 
celerator opening sensor 22 which detects an opening 
ofthe accelerator pedal of the vehicle, and a crank angle 
sensor 23 which delects a rotation speed Ate and a pre- 
determined crank angle of the engine 1, are input into 
the control unit 21. 20 
[0047] The control unit 21 comprises a microcomput- 
er provided with a central processing unit (CPU), read- 
only memory (ROM), random access memory (RAM) 
and I/O interface (I/O interface). The control unit may 
also comprise two or more microcomputers. 25 
[0048] Next, referring to FIG. 4. the routine for setting 
the filter regeneration flag performed by the control unit 
21 for this control will be described. This routine is per- 
formed at an interval of ten milliseconds during the run- 
ning of the diesel engine 1 . 3° 
[0049] First, in a step S1 . the control unit 21 reads the 
engine rotation speed Ate, engine load and exhaust 
pressure Pexh. Here, a target fuel injection amount of 
the fuel injector 14 is used as a value indicative of the 
engine load. The method of determining the target fuel 35 
injection amount is known from USPat. 5,974,795. 
[0050] In a following step S2, the control unit 21 cal- 
culates a basic exhaust pressure PexhO by looking up 
a map having the characteristics shown in FIG. 5 which 
is prestored in the control unit 21 , based on the engine 40 
rotation speed Ne and engine load. 
[0051] In a following step S3, the control unit 21 com- 
pares a value obtained by adding an allowance a to the 
basic exhaust pressure PexhO with the measured ex- . 
haust gas pressure Pexh. 45 
[0052] Here : the basic exhaust pressure PexhO cor- 
responds to the exhaust gas pressure upstream of the 
diesel particulate filter 41 in the state where soot has 
not accumulated on the diesel particulate filter 41 . 
[0053] If soot accumulates on the diesel particulate so 
filter 41 , the f lowpath cross-sectional area of exhaust 
gas in the filter 41 will become small, and the exhaust 
gas pressure will rise. 

[0054] If the maximum exhaust gas pressure which 
does not adversely affect the operation of the engine 1 55 
is Pmax, the basic exhaust pressure PexhO and the al- 
lowance a which are acquired under the same condi- 
tions have the following relation: 



a= Pmax- PexhO 

[0055] Herein, the allowance a is preferably set equal 
to approximately three times of the normal exhaust gas 
pressure. 

[0056] The basic exhaust pressure PexhO varies with 
the engine specification and the vehicle on which the 
engine is mounted. Therefore, the map of FIG. 5 is set 
beforehand by experiment and is stored in the control 
unit21. 

[0057] Now, in a step S3, when the exhaust pressure 
Pexh is not less than PexhO + a, the control unit 21 sets 
the regeneration flag to unity in a step S4. 
[0058] In the step S3, when the exhaust pressure 
Pexh is less than PexhO + a, the control unit 21 resets 
the regeneration flag to zero in a step S5. The initial val- 
ue of the regeneration flag is zero. 
[0059] The control unit 21 terminates the routine after 
the processing of the step S4 or S5. 
[0060] Next, referring to FIG. 6, the routine for calcu- 
lating the fuel injection timing of the fuel injector 1 4 and 
the opening of the adjustable nozzle 33 performed by 
the control unit 21 , will be described. 
[0061] This routine is also performed at an interval of 
ten milliseconds during the running of the diesel engine 
1. 

[0062] First, in a step S11 s the control unit 21 reads 
the engine rotation speed Ne, engine load and exhaust 
pressure Pexh. 

[0063] In a following step S12, a basic fuel injection 
timing /TO is calculated by looking up a map having the 
characteristics shown in FIG. 7 which is prestored in the 
control unit 21 , based on the engine rotation speed Ne 
and engine load. 

[0064] In a following step S13, a basic nozzle opening 
QvntO is calculated referring to a map having the char- 
acteristics shown in FIG. 8 which is prestored in telecon- 
trol unit 21 , based on the engine rotation speed Ne and 
engine load. 

[0065] In a following step S14, it is determined wheth- 
er or not the regeneration flag js unity. When the regen- 
eration flag is not unity, after setting an advance correc- 
tion amount A/Tto zero in a step S15 and setting a noz- 
zle opening correction amount A6 to zero in a step S1 6, 
the processing of a step S17 is performed. 
[0066] When the regeneration flag is unity a predeter- 
mined advance increase amount fJ is added to the ad- 
vance correction amount A/Tin a step S19. 
[0067] The predetermined advance increase amount 
p is a value for advancing the fuel injection timing and 
increasing the content of NOx in the exhaust gas. The 
initial value of the advance correction amount A/Tis ze- 
ro. The value of the predetermined advance increase 
amount p is set equal to one degree. 
[0068] After the processing of the step S19, the con- 
trol unit 21 , in a step S20, determines whether or not the 
exhaust gas temperature Texh has reached the target 
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value of 300°C. When the exhaust gas temperature 
Texh has reached 300°C, after setting the nozzle open- 
ing correction amount AG to zero in a step S21 , the 
processing of the step S1 7 is performed. When the ex- 
haust gas temperature Texh has not reached 300°C, a 
predetermined nozzle opening increase amount y is 
added to the nozzle opening correction amount AG in a 
step S22. The predetermined nozzle opening correction 
amount y is a correction value which, by increasing the 
opening of the adjustable nozzle 33 r reduces the energy 
of the exhaust gas used to drive the exhaust gas turbine 
32. and raises the exhaust gas temperature by a corre- 
sponding amount. The initial value of the nozzle opening 
correction amount AG is zero and the nozzle opening 
increase amount is set equal to approximately five per- 
cent ol the full nozzle opening. After the processing of 
the step S22. the control unit 21 performs the processing 
ol the slop S17. 

[0069] In the slep S1 7, a target fuel injection timing IT 
is calculated by adding the advance correction amount 
SIT set in the step S15 or S19 to the basic fuel injection 
timing ITO. 

[0070] In the following step S18, the nozzle opening 
correction amount AG sot in the step S16, S21 or S22, 
is added to the basic nozzle opening QvntO to calculate 
a target nozzle opening Gvnf. After the processing of the 
step S18. the control unit 21 terminates the routine. 
[0071] The control unit 21 , by outputting signals cor- 
responding to the target fuel injection timing FT and tar- 
get nozzle opening Bvnt respectively to the pressure 
control valve 15 and the negative pressure control valve 
36 in this way. controls the fuel injection timing of the 
fuel injector 1 4 and the nozzle opening of the adjustable 
nozzle 33 to target values, respectively. 
[0072] According to this routine, when the regenera- 
tion flag is unity, if advance correction of the fuel injection 
timing is performed and the exhaust gas temperature 
does not reach the target temperature of 300°C, the 
nozzle opening is corrected in the increase direction. 
[0073] Advance correction of fuel injection timing is 
continued until the exhaust gas pressure Pexh is less 
than PexhO + a, and increase correction of the nozzle 
opening is continued until the exhaust gas temperature 
Texh reaches the target value of 300°C. 
[0074] If the trapped soot amount of the diesel partic- 
ulate filter 41 reaches the upper limit, therefore, the fuel 
injection liming is controlled so that the NOx generation 
amount is temporarily maximized, and the exhaust gas 
temperature is also controlled to a temperature suitable 
for regeneration of the diesej particulate filter 41. 
[0075] Hence, the regeneration of the particulate filter 
41 can be performed efficiently at a relatively low tem- 
perature in the vicinity of 300°C. 

[0076] Thus, according to this invention, even in a die- 
sel engine which performs EGR for NOx reduction, the 
diesel particulate filter can be efficiently regenerated by 
temporarily increasing the NOx generation amount dur- 
ing filter regeneration. Further, by controlling the ex- 



haust gas temperature, the diesel particulate filter is al- 
ways regenerated in an efficient temperature region. 
[0077] Next, a second embodiment of this invention 
will be described referring to FIGs.9 and 10. 

5 [0078] In this embodiment, a composite filter 51 which 
combines both functions is used instead of the diesel 
particulate filter 41 and the catalytic converter 42. 
[0079] Referring to FIG. 9, the composite filter 51 is 
formed in a substantially cylindrical shape, and is 

io formed from plural cells 53 parallel to the exhaust gas 
flow divided by honeycomb-like partitions 52 comprised 
of a porous material such as ceramics or the like. 
[0080] The inlet and outlet of each cell are alternately 
closed by a plug 54. 

75 [0081] As shown in FIG. 10, an oxidation promoting 
catalyst 55 is coated on the surface on the upstream 
side of the partition 52 with respect to the exhaust gas 
flow. As in the first embodiment, when using this com- 
posite filter 51 , the control unit 21 performs the routines 

20 of FIGs.4 and 6 for controlling the fuel injection timing 
and exhaust gas temperature. 

[0082] In the usual running state of the diesel engine 
1, i.e., when control for regenerating the diesel particu- 
late filter 51 is not being performed, correction of fuel 

2s injection timing and supercharging pressure is not per- 
formed. In this state, the soot in the exhaust gas flowing 
into the composite filter 51 is trapped by the partition 52. 
[0083] On the other hand, the carbon monoxide (CO) 
which is the incomplete combustion component con- 

30 tained in the exhaust gas, hydrocarbons (HC) and the 
soluble organic fraction both of which are the unbumt 
component of the fuel, are oxidized by the action of the 
oxidation promoting catalyst 55, permeate the partition 
52 as carbon dioxide (C0 2 ) and steam (H 2 0), and are 

35 discharged into atmosphere. 

[0084] On the other hand, when the control unit 21 de- 
termines that the diesel particulate filter 51 needs to be 
regenerated, increase of the NOx generation amount 
and increase of exhaust gas temperature are per- 

40 formed. In this state, in the presence of the oxidation 
promoting catalyst 55, soot having carbon as its princi- 
pal component reacts with N0 2 , oxidizes, permeates 
the partitions 52 as carbon dioxide (C0 2 ) and nitrogen 
(N 2 ), and is discharged into the atmosphere. 

45 [0085] As a result, the soot is removed from the par- 
titions 52 and the composite filter 51 is regenerated to 
a state in which it can trap soot again. 
[0086] The control of fuel injection timing and control 
of exhaust gas temperature according to this invention 

50 also have a desirable effect on a diesel engine using the 
compound filter 51 . 

[0087] The contents of Tokugan 2001 -1 89439, with a 
filing date of June 22, 2001 in Japan, are hereby incor- 
porated by reference. 
55 [0088] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
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embodiments described above will occurto those skilled 
in the art, in light of the above teachings. 
[0039] For example, in the above embodiments, when 
th Diesel particulate filters 41 , 51 are regenerated, the 
fui.: injection timing is advance corrected, and the noz- 
zle opening is corrected in the increase direction when 
the exhaust gas temperature is low, but a suitable effect 
can be obtained by correcting only the fuel injection tim- 
ing without performing correction of the nozzle opening. 
[0090] Moreover, although it was determined whether 
or not the diesel particulate filter should be regenerated 
based on the exhaust pressure, this may also be deter- 
mined by other methods. For example, it may be deter- 
mined whether or not the diesel particulate filter 41 
should be regenerated based on the elapsed time from 
startup of the diesel engine 1 . 

[0091] The variable geometry system of the turbo- 
charger 31 is not necessarily limited to the adjustable 
nozzle 33. A turbocharger provided with a variable ge- 
ometry system such as a scroll or diffuser, may also be 
used. Further, this invention may also be applied to a 
diesel engine comprising a turbocharger of fixed capac- 
ity provided with a waste gate valve. 



Claims 

1 . An exhaust gas purification device for a diesel en- 
gine (1), the diesel engine (1) comprising a fuel in- 
jector (14), comprising: 

a diesel particulate filter (41 , 52) which traps 
soot in an exhaust gas of the diesel engine (1 ); 
an oxidation promoting catalyst (42, 55) which 
oxidizes nitrogen oxide in the exhaust gas to 
nitrogen dioxide, the nitrogen dioxide promot- 
ing the combustion of the soot trapped by the 
diesel particulate fitter (41 , 52); 
a sensor (24) which detects a state of the diesel 
particulate filter (41 , 52); and 
a programmable controller (21) programmed 
to: 

determine whether or not the diesel partic- 
ulate filter (41 , 52) is required to be regen- 
erated from the state of the diesel particu- 
late filter (41 , 52) (S3 - S5), and 
advance a fuel injection timing of the fuel 
injector (14) when the diesel particulate fil- 
ter (41 , 52) is required to be regenerated 
(S14.S19). 

2. The exhaust gas purification device as defined in 
Claim 1, wherein the controller (21) is further pro- 
grammed to increase the advance amount of the 
fuel injection timing according to the duration of the 
state where the diesel particulate filter (41 , 52) is 
required to be regenerated, continues (S14, S19). 



3. The exhaust gas purification device as defined in 
Claim 2, wherein the diesel engine (1) comprises 
an exhaust gas turbine (32) driven by an energy of 
the exhaust gas prior to flowing into the diesel par- 

s ticulate filter (41 , 52) and a mechanism (33) which 
can decrease the energy of the exhaust gas con- 
sumed by the exhaust gas turbine (32), and the con- 
troller (21) is further programmed, when the diesel 
particulate filter (41 , 52) is required to be regener- 

10 ated, to control the mechanism (33) to decrease the 
energy of the exhaust gas consumed by the exhaust 
gas turbine (32). 

4. The exhaust gas purification device as defined in 
15 Claim 3, wherein the exhaust gas purification de- 
vice further comprises a temperature sensor (25) 
which detects a temperature of the exhaust gas, 
and the controller (21) Is further programmed to 
compare the temperature of the exhaust gas with a 

20 predetermined temperature (S20), and prevent the 
mechanism (33) from decreasing the energy of the 
exhaust gas consumed by the exhaust gas turbine 
(32) when the temperature of the exhaust gas is not 
less than the predetermined temperature (S21), 

25 

5. The exhaust gas purification device as defined in 
Claim 4, wherein the predetermined temperature is 
set based on an exhaust gas temperature which 
maximizes an efficiency of oxidizing nitrogen mon- 

30 oxide to nitrogen dioxide in the oxidation promoting 
catalyst (42, 55). 

6. The exhaust gas purification device as defined in 
Claim 4 or 5, wherein the controller (21.) is further 

35 programmed to control the mechanism (33) to stop 
decreasing the energy of the exhaust gas con- 
sumed by the exhaust gas turbine (32) when the 
temperature of the exhaust gas reaches the prede- 
termined temperature in a state where the mecha- 

40 nism is decreasing the energy of the exhaust gas 
consumed by the exhaust gas turbine (32) (S21 ). 

7. The exhaust gas purification device as defined in 
any of Claim 1 through Claim 6, wherein the sensor 

45 (24) which detects the state of the diesel particulate 
filter (41 , 52) comprises a pressure sensor (24) 
which detects the exhaust gas pressure of the die- 
sel engine (1), and the control unit (21) is further 
programmed to determine whether or not it is nec- 

so essary to regenerate the diesel particulate filter (41 , 
52) based on the exhaust gas pressure (S3). 

8. The exhaust gas purification device as defined in 
any of Claim 1 through Claim 7, wherein the diesel 

55 particulate filter (52) and oxidation promoting cata- 
lyst (55) are formed as one integrated unit (51). 

9. The exhaust gas purification device as defined in 
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any of Claim 1 through Claim 7, wherein the oxida- 
tion promoting catalyst (42) is disposed upstream 
of the diesel particulate filter (41 ) with respect to the 
flow of exhaust gas from the diesel engine (1 ). 

5 

10. A method for regenerating a diesel particulate filter 
(41 , 52) which traps soot in an exhaust gas of the 
diesel engine (1), the diesel engine (1) comprising 
a fuel injector (1 4) and an oxidation promoting cat- 
alyst (42, 55) which oxidizes nitrogen oxide in the 10 
exhaust gas to nitrogen dioxide, the nitrogen diox- 
ide promoting the combustion of the soot trapped 
by the diesel particulate filter (41 , 52), the method 
comprising: 

15 

detecting a state of the diesel particulate filter 
(41, 52); 

determining whether or not the diesel particu- 
late filter (41 , 52) is required to be regenerated 
from the state of the diesel particulate filter (41 , 20 
52), and 

advancing a fuel injection timing of the fuel in- 
jector (1 4) when the diesel particulate filter (41 , 
52) is required to be regenerated. 

25 
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(54) Regeneration of diesel particulate filter for diesel engine 



(57) An oxidation promoting catalyst (42) which con- 
verts nitrogen monoxide in exhaust gas to nitrogen di- 
oxide, and a diesel particulate filter (41 ) which traps soot 
in the exhaust gas, are installed in an exhaust gas pas- 
sage of a diesel engine (1). A control unit (21) deter- 
mines whether or not it is necessary to regenerate the 
filter based on the exhaust gas pressure detected by an 
exhaust gas pressure sensor (24), and when it is nec- 



essary to regenerate the filter, it increases the nitrogen 
monoxide in the exhaust gas by performing an advance 
correction of the fuel injection timing of a fuel injector 
(1 4) so as to promote generation of nitrogen dioxide by 
the oxidation promoting catalyst. The nitrogen dioxide 
decreases the combustion temperature of the soot 
trapped by the diesel particulate filter (41 ), and efficient- 
ly regenerates the fitter. 
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